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REQUESTED By __Re C. Mauldin

2-PDT 28-VDC GENERAL PURPOSE RELAY

VIBRATION AND SHOCK TESTS _— 27808 TCD | TOGONT
N. Mincks, A3-KABC; H. B. Mitchell,

A3-YCL; M. D. Smith, R. C. Mauldin, TEST PLAN & 1TEM No. AP 1@ thru API2
A3-263; T. J. Sereno (2), A-270; Liki2

l. M. Williamson, A=270; F. Seliers, A2~263;5°1ES ORDER _5769-630h
J. K A3-KADO -
J. Hilman, A3 cLassiFicaTion _ UNCLASSIFIED

OR RESTRICTION:

INTRODUCTION

Vibration and shock tests were performed as part of the qualification testing of the
2-PDT 28-YDC general purpose relay. Twenty relays were tested, one group of 10
being subjected to sinusoidal vibration and another group of 10 being subjected to
shock pulses. The tests were conducted at the vibration and shock facilities of the
Douglas Dynamics Laboratory, Santa Monica, Callfornia, from January 30 through

March &, 1965.

PURPOSE

The purpose of the tests was to determine the ability of the test specimens to with-
stand the vibration and shock environments to be encountered in flight.

The purposes of this technical memorandum are to describe and document the vibration

and shock portions of the tests and to transmit the vibrati shock data
obtained from the tests.
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EQUIPMENT

Jest Specimen

The twenty test specimens are described as follows:

Description « « « o o « ¢« » « « o« » - « 2PDT 28 VDC General Purpose Relay
Par* Number e o L ° . L] L] ° L] Ll ® ® . e l A677h7- l
Manufacturer « « « « « « =« ¢« o« o« « » « » Babcock Company, Costa Mesa, California

Line |tem Number « « « « « « « » « « « « APIO and AP12 (AP!| not scheduled for
vibration and shock testing)

Serial No. (Vibration Tests) . . .« . . . 26, 27, 28, 31, 33, 34, 35, 38, 39, 43
Serial No. (Shock Tests) « « « v ¢« « « « |, 2,5,6, 7,9, 10, 11, 12, 13

Test Equipment

LTEM MANUFACTURER MODEL
Osci | lograph CEC 5-124
Galvanometers (4) CEC 7-326 (3)
7-315 (1)
Acce lerometers (5) Endevco 22k2c (3)
2215 (2)
Dynamoni tor Endevco 2705
Charge Amplifiers (3) Endevco 2711
Memoscope Hughes 104D
Cathode Fol lower Douglas e
Power Supply Douglas amame
Camera Polaroid 100
Temperature Conditioning and
Measuring Unit Autocontrol Labs. 2943
Hyge Shock Tester (NGC Lab.) Hyge HY640 |
Vibration System MB/Ling c-70

Channel assignments and instrumentation information are presented on pages Al
through A3.
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PROCEDURE

Yibration Testing

Three crystal accelerometers were used during sinusoidal vibration testing. One
acce lerometer was mounted along the axis of excitation, near the relay support
points, and was used simultaneously for data recording and shaker control. The
other two accelerometers were used to monitor and record the vibration levels
along the two axes which were orthogonal to the excitation axis. Test setups and
axes designations are shown on pages Al, Bl, and B2.

The test specimens were subjected to sinusocidal vibration in each of 3 mutually
perpendicular axes from 5 to 2000 to 5 cps with the frequency changing at the
rate of 3.5 minutes per octave. The specified vibration levels were as follows:

F NCY s LEVEL
g = 35 0.k inch D.A. Disp.
35 = 2000 259 (0 - peak)

The test fixture was designed to accommodate as many as 5 test specimens at one
time, and the 10 test specimens were tested in groups of 4, 3, and 3. The test
sequence was as follows:

DATE SERIAL NO. AXIS TEMPERATURE REMARKS
1/30/65 35, 38, 39, 43 Z Ambient No chatter
2/1/65 35, 38, 39, U3 Y Amb i ent Chatter on S/N 43
2/5/65 35, 38, 39, 43 X Amb i ent No chatter
2/6/65 27, 28, 29 X +257°F No chatter
2/6/65 27, 28, 29 Y +257°F No chatter
2/8/65 27, 28, 29 Z +257°F Broken lead on S/N 29
2/10/65 31, 33, 34 2 ~-850F No chatter
2/11/65 31, 33, 3k X -85%F Momentary chatter on

S/N 33 and 34

#2/12/65 31, 33, 3b X -859F No chatter
2/13/65 31, 33, 3k ¥ -859F No chatter
##2/13/65 U3 only Y Ambient No chatter

* Repeated test to investigate chatter on test of 2/11/65
¥% Repeated test of 2/1/65 which had chatter indication
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PROCEDURE. (continued)

The high temperature was obtained electrically through the temperature conditioning
and measuring unit, which emitted heated air into a chamber box that enclosed the
test specimens. The low temperature was provided by COy-

Functional requirements were monitored by the prime laboratory (AGB2) during sinu-
soidal vibration testing.

Shock Testing

Prior to performing shock tests, system accuracy was checked as follows:

|. Horizontal scale accuracy was verified by the Calibration and Certification
sticker on the memoscope.

2. Vertical input accuracy was checked by inserting a known calibration signal and
ad justing the memoscope potentiometer until the trace peaks coincided with the
desired vertical scale divisions.

One crystal accelerometer was used to measure the shock accelerations fto which the
test specimens were subjected. The accelerometer was mounted on the test fixiture
near the relay mounting points, as shown on page Bk. The shock force was provided
by the Hyge shock tester and associated equipment as shown on page B5.

The test specimens were subjected to a total of 24 shock impacts; 4 in a forward
and 4 in a reverse direction in each of the 3 mutually perpendicular axes shown on
page Al. The specified shock levels were as follows:

Shape « « + « « « ¢« « « « «» « Half Sine Wave

Acceleration + « « « + +« « « 50g (O = peak)

Duration « « « o « « « « « o« Il *| milliseconds

The test fixture was designed to accommodate as many as 5 test specimens at one
time, and the 10 test specimens were tested in groups varying from | to 5.

The test specimens were tested in the following sequence:

DATE AL NO. AXIS SHOCK NO. REMARKS
2/27/65 1, 2,5, 6, 7 X, I =L No chatter
2/27/65 I, 25 55 6, T X5 5 =8 No chatter
2/27/65 e 2, 5, 6, 7 Y| 9 =12 No chatter
2/27/65 l; 25 5, 6, 7 Yo 13 =16 No chatter
3/1/65 s 2, 5, 6, T Zs I7 =20 No chatter
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PROCEDURE. (continued)

DATE SERIAL_NO. AXIS SHOCK NO. REMARKS
3/1/65 I, 2, 5, 6 Z, 2) - 24 No chatter
3/1/65 Ty 9 Z 25 - 28 No chatter
3/1/65 9 Z, 29 - 32 No chatter
3/1/65 10, I, 12, 13 o 33 - 34 No chatter
3/1/65 9, 10, 11, 12, 13 Yo 35 = 38 S/N 9 chatter,

shocks 35 & 36
3/2/65 9, 10, |1, 12, I3 Y, 39 - k2 No chatter
3/2/65 9, 10, 11, 12, 13 X, 43 - 46 No chatter
3/2/65 9, 10, 11, 12, 13 X5 k7 - 50 No chatter
3/4/65 10, 11, 12, 13 Zs 51 = 52 No chatter
3/4/65 10, 11, 12, 13 Z, 53 = 56 No chatter

Shock testing was performed at ambient temperature. Functional requirements were
monitored by the prime laboratory (AGB2) during shock testing.

The shock waveforms were displayed on a memoscope and photographed by a Polaroid
camera.

LTS A U

Yibration Testing

During the sinusoidal vibration tests at ambient temperature, with the shaker in
the vertical position as shown on page B2, excessive crosstalk developed at some
frequencies in both minor axes. Surveys were conducted on the fixtures to de-
termine how the crosstalk could be eliminated. |t was discovered that by using
only one part of the 2 part fixture as shown on pages Bl and B2, the crosstalk
was minimized in the X and Y axes. Vibration in the Z axis was accomp!|ished by
using the originally designed fixture configuration and the slip table as shown
on page B3. With this setup, a maximum of four relays were vibrated at one time.

During the downsweep in the X axis at =-85°F, chatter was indicated on relays 33
and 34 at 1218 ¢cps. Short sweeps were run back and forth between 2000 and 1000
cps in an effort to reproduce the chatter indication. On the fifth run of this
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RESULTS AND_DISCUSSION (continued)

series, the Input acceleration was increased to 30g (O - peak). The sixth run
was made from 300 to 2000 to 300 cps, and again chatter was indicated at 1075 cps
at 10g (O - peak). A dwell was made between these two frequencies at 1085 cps
for a few minutes. The next chatter was at 947 cps, indicating that relays 33
and 3l were chattering at progressively lower frequencies. The X axis vibration
test at -85°F was repeated on February 12, 1965, with no chatter.

Sinusolidal inputs were continuously recorded, monitored, and verified by the
osci | lograph, so no control data were analyzed. Crosstalk was recorded in terms
of amplitude (acceleration) of the accelerometers oriented in the two minor axes.
Plots of crosstalk in g (O-peak) versus frequency (cps) are presented on pages
Ak through A25.

k Testin

Representative shock photographs, each depicting the shock pulse in one direction
in each axis, are presented on pages A26 and A27. All shocks were approximately 50g
(0 - peak) for || milliseconds duration.

|nspection

Visual examination of the test specimens revealed that a broken lead on relay 29
after sinusoidal testing in the Z axis was the only physical damage resulting
from vibration and shock testing.

Q
ORIGINATOR Aéz
Jo Lo Iman T. J&/Sereno, Section Chief
Acoustics and Dynamics
Environmental Laboratories
ATTACHMENTS

Pages Al through A27

Pages Bl through B5
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